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POLYETHERIMIDE-POLYSULFONE BLENDS
-1 -

This invention relates to a class of polyetherimide-
polysulfone blends. The blends have good flexural and
tensile properties and have a higher impact strength than
those associated with the polyetherimide components of the
blends. In addition, the blends generally are translucent
or transparent and may exhibit a single glass transition
‘temperature.

The blends of the invention include a polyetherimide
of tqf formula:

o] h
o i
¢ RN
S )
——N T-0-2-0-T N - R 4+—
Ne” Ne”
i - i
. 0 ) - a

where a represents a whole number in excess of 1, e.q.,
10 to 10,000 or more, the group -0-TZ is selected from:
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R' being hydrogen, lower alkyl or lower alkoxy, preferably
the polyetherimide includes the latter -0-7Z group where

R' is hydrogen such that the polyetherimide is of the
formula:
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and the divalent bonds of the -0-%2-0- radical are in the
3,3'; 3,4'; 4,3' or the 4,4' position;

2 is a member of the class consisting of (1)
C”} CII_‘ "’lj
: lﬂ
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and (2) divalent organic radicals of the general

cemna: 0

where Y is a2 member selected from the class consisting of
divalent radicals of the gormulas,
3 ]
- Cyazy"" _C_, "‘E"’, '—O'— and "'S_'
o
where q is 0 or 1, y is a whole number from 1 to 5, and

R is a divalent organic radical selected from the class
consisting of (1) aromatic hydrocarbon radicals having
from 6-20 carbon atoms and halogenated derivatives thereof,
(2) alkylene radicals and cycloalkylene radicals having
from 2-20 carbon atoms, C(2—8) alkylene terminated
polydiorganosiloxane, and (3) divalent radicals included
by the formula

“Or-=~Or

where Q is a member selected from the class consisting

o
of g "

-0-, -C-, -5-, -5- and ~CyHyy

o

where x is a whole number from 1 to 5 inclusive. Partic-
ularly preferred polyetherimides for the purposes of the
present invention include those where -0-TZ and 2 respec-

CH
and . | 3 .
C
‘ I
cH .
— 0 3

and R is selected from:

© 0«0 OO0

The polyetherimides where R is metaphenylene are most

tively are:

preferred.




10

15

20

25

[} L]

LR

. -
.

Polysulfones for use in the blends of the present
invention include polymeric compounds which have a -503-
connecting link between two aryl nuclei. Such polysulfones
generally have a weight-average molecular weight of about
10,000 to about 60,000, preferably of about 15,000 to about
50,000 and especially of about 20,000 to about 40,000.

The aryl nuclei of such polysulfones can be mononuclear,
dinuclear, trinuclear or tetranuclear, and the nuclei can
be bonded via fusion, a single bond on 2 bridge member and
preferably contain between 6 and 24 carbon atoms, in par-
ticular between 6 and 12 and very particularly, 6 carbon
atoms. The aryl nuclei can carry additional substituents,
such as for example C;-Cg alkyl or halogen such as
chlorine or bromine. The polysulfones which can be used
in the invention can be either linear or branched and they
can be employed alone or as mixtures.

The polysulfones which can be used according to the
invention can preferably be characterized by the following
structural formula;

£A-S02-A-B¥y,

wherein A and B are the above-mentioned aryl nuclei; or

B is either a single bond or also -S03-; and b is the

degree of polymerization, which is generally a positive
integer in excess of 5.

Particularly preferred polysulfones of the above
formula include those where A and optionally B are
selected from the following divalent aromatic radicals:

) (i% | 00 OQP
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where Ry is a C;-Cqy3 alkylene, preferably

C1-Cgi Cz—Ciz—alkylidene; ’
Cg—Cip-cycloalkylene; Cg-Cyz-cycloalkylidene;
C;—-Cqyparalkylene; Cy-Cyz~aralkylidene; or a
Cg—Cqi2-arylene-bis-alkylidene radical, one of the
groupings -0-, -5-, -80-, or —-CO- or

f fH(3—n)xn
Cc or _— C —

I |

X 1n CH({3-n)Xp

where X is halogen such a fluorine, chlorine or bromine, p
is 0 or an integer from 1 to 4, m is a positive integer
from 1 to 6 and n is an integer from 1 to 3.

Particularly preferred polysulfones include those of
the formula;
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where Ry, is C{-Cg alkylene, especially where Ry is
dimethyl methylene which is a polysulfone sold under the
tradename Udel by Union Carbide Corp. and those
polysulfones'where A is phenyl and B is -O- or a single
bond such as;-’

forod

The latter two polysulfones are also available
commexrcially.
The polyetherimides can be obtained by any of the

methods well known to those skilled in the art including
‘the reaction of any aromatic bis(ether anhydrides) of the

formula

(6] O
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where Z is as defined hereinbefore with an organic diamine
of the formula

HoN-R-NH3
where R is as defined hereinbefore.

hAromatic bis(ether anyhdride)s of the abéve formula
include, for .example, 2,2-bis[4-(2,3-
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dicarboxyphenoxy)phenyl]-propane dianhydride; 4,4'-bis(2,
3-dicarboxyphenoxy)diphenyl ether dianhydride; 1,3-bis(2,
3-dicarboxyphenoxy)benzene dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)diphenyl sulfide dianhydride; 1,4-bis(2,
3-dicarboxyphenoxy)benzene dianhydride; 4,4'-bis(2,3-
dicarboiyphenoxy) benzophenone dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)diphenyl sulfone dianhydride; _
2,2-bis[4~(3,4~dicarboxyphenoxy)phenyl]propane dianhydride;
4,4'-bis(3,4-dicarboxyphenoxy)diphenyl ether dianhydride;
4,4'~bis{3,4~-dicarboxyphenoxy)diphenyl sulfide dianhydride;
1,3-bis{3,4-dicarboxyphenoxy)benezene dianhydride; 1,4-bis
(3,4-dicarboxyphenoxy)benzene dianhydride; 4,4'-bis(3,4-
dicarboxyphenoxy)benzophenone dianhydride; 4-(2,3-
dicarboxyphenoxy)—4L{3,4~dicarboxyphenoxy)diphenyl -2,2-
propane dianhydride; etc. and mixtures of such
dianhydrides. .

In addition, aromatic bis(ether anhydride)s also
included in the above formula are shown by Koton,’M.M.;
Florinski, F.S.; Bessonov, M.I.; Rudakov, A.P. (Institute,
of Heteroorganic compounds, Academy of Sciences, U.S.S.R.),
U.S.8.R. 257,010, Nov. 11, 1969, Appl. May 3, 1967. 1In
addition, dianhydrides are shown by M.M. Koton, F.S.

" Florinski, 2Zh Org. Rhin, 4(5), 774 (1968).

Organic diamines of the above formula include, for
example, m-phenylenediamine, p-phenylenediamine, 4,4'-
diaminodiphenylpropane, 4,4'~diaminodiphenylmethane,
benzidine, 4,4'—diaminodiphenyl sulfide, 4,4'-
diaminodiphenyl sulfone, 4,4'-diaminodiphyenyl ether, 1,5-
diaminonaphthalene, 3,3'-dimenthylbenzidine, 3,3'-
dimethoxybenzidine, 2,4~bisgﬁ¥amino—t-butyl)toluene,
bis(p:ALahino~t—butylphenyl)ether, bis(p;&tmethyl—o—
aminopentyl)benzene, 1,3-diamino-4-isopropylbenzene, 1,2-
bis{3-aminopropoxy)ethane, m-xylylenediamine, p-
xylylenediamine, 2,4-diaminotoluene, 2,6-diaminotoluene,
bis(4~aminocyclohexyl)methane, 3-
methylheptamethylenediamine, 4,4-

dimethylheptamethylenediemine, 2,11-dodecanediamine, 2,2~
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dimethﬁlopropylenediamine, octamethylenediamine, 3-
methoxyhexamethylenediamine, 2,5-
dimethylhexamethylenediamine, 2,5~
dimethylheptamethylenediamine, 3-
methylheétamethylened1am1ne, 5~
methylnonamethylendediamine, 1,4-cyclohexanediamine, 1,12~
octadecanediamine, bis(3-aminopropyl)sulfide, N-methyl-bis
(3-aminopropyl)amine, hexamethylenediame,
heptamethylenediamine, nonamethylenediamine,
decamethylenediamine, bis(3-aminopropyl)
tetramethyldisiloxane, bis(4-aminobutyl)
tetramethyldisiloxane, etc.

In general, the reactions caﬁ be advantageously
carried out employing well-kown solvents, e.g.,
o~-dichlorobenzené, m~cresol/toluene, etc. in which to
effect interaction between the dianhydrides and the
diamines, at temperatures of from about 100 to about 250°C.
Alternatively, the polyetherimides can be prepared by melt
polymerization of any of the above dianhydrides with any of
the abéve diamino compounds while heatinglthe mixture of
the ingredients at elevated temperatures with concurrent
intermixing. - Generally, melt polymerization temperatures
between about 200° to 400°C. and preferably 230° to 300°C.
can be employed. The conditions of the reaction and the
proﬁortions of ingredients can be varied widely depending
on the desired molecﬁlqr weight, intrinsic viscosity, and
solvent resistance. In general, equimolar amounts of
diamine and dianhydride are employed for high molecular
weight polyetherimides, however, in certain instances, a
slight molar excess (about 1 to 5 mol percent) of diamine
can be employed resulting in the production of
polyetherimides having terminal amine groups. Generally,.
useful polyetherimides have an intrinsic viscosity [7]
greater than 0.2 deciliters per gram, preferably 0.35 to
0.60, or 0.7 deciliters per gram or even higher when
measured in m-cresol at 25°C.
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Included among the many methods of making the
polyetherimides are those disclosed in U.S. Pat. Nos. Heath
et al, 3,847,867, Williams 3,847,869, Takekoshi et al.
3,850,885, White 3,852,242 and 3,855,178, etc. These
disclosures are incorporated herein in their entirety by
reference for the purpose of teaching, by way of
illustration, general and specific methods for preparing
polyetherimides suitable for the blends of this invention.

The polysulfone resins used in the blends of this
invention are prepared by any of the techniques well known
in the art. The following patents illustrate methods for
preparing these polysulfone resins: Robinson et al. U.S.
Pat, Nos. 3,264,536, issued Aug. 2, 1966; Vogel, 3,321,449,
issued May 23, 1967; D'Alesandro, 3,355,272, issued Nov.
28, 1967; British Pat. No. 1,122,192, published July 31,
1968 as well as U.S. Pat Nos. 3,532,670; 3,634,354;
3647,751; 3,729,527 and 3,960,815, all incorporated herein
by reference. The following articles also show the
preparation of these polysulfone resins and are
incorporated herein by reference: Johnson et al. "Poly(Aryl
Ethers) by Nucleophilic Aromatic Substitution 1. Synthesis
and Properties" J. of Polymer Science, Part A-}1,S5,
(9)2375-98 (1967); Jennings et al., "Synthesis of
Poly(Arylene Sulfones) and Poly(Arylene Ketones) by
Reactions Involving Substitution of Aromtic Nuclei"™ J. of
Polymer Science, Part C, No. 16 (Part 2) 715~-24 (1967) and
Hale et al. "Thermal Stability of Polyaryl.Ethers Prepared
by Aromatic Nucleophilic Substitution" Amer. Chem. Soc.,
Div. of Polymer Chem. Reprints 7 (2) 503-12.

In accordance with the present invention, useful
blends of a polyetherimide and a polysulfone are generally
obtainable in all proportions of the two polymers relative
to each other. Conseqguently, blends comprising from about
1 to about 99%, by weight, polyetherimide and from about 99
to about 1%, by weight polysulfone are included within the
scope of the invention. By controlling the proportions of
the polyetherimide and polysulfone relative to each other,
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blends-having certain predetermined properties which are
improved over those of either the polyetherimide and/or the
polysulfone component alone may be readily obtained. 1In

 general, blends of polyetherimides and polysulfdnes have

good flexural and tensile properties and have an improved
impact strength over the ipolyetherimide component of the
blends. '

It is contemplated that the polyétherimide—
polysulfone blends of the present invention may also
include additive materials such as fillers, stabilizers,
plasticizers, flexibilizers, sﬁrfactant agents, pigments,
dyes, .reinforcements, flame retardants and diluents in
conventioﬁal amounts. It is also contemplated that the
blends of the invention may include two or more
polyetherimides with one or more polysulfones or two or
more polysulfones in combination with one or more
polyetherimides. .

Methods for forming polyetherimide— polysulfone blends
may. vary considerably. Prior art blénding techniques are
generally satisfactory. A preferred method comprises
blending the polymers and additives such as reinforcements
in powder, granular or filamentous form, extruding the
blend, and choppihg the extrudate into pellets suitable for
molding by means conventionally used to mold normally solid
thermoplastic compositions.

The polyetherimide-polysulfone blends of the present
invention have application in a wide variety of
physical shapes and forms, including the use as films,
molding compounds, coatings, etc. When used as films or
when made into molded products, these blends, including
laminated products pfepared therefrom, not only possess
good physical properties at room temperature but they
retain their strength and excellent response to workloading
at elevated temperatures for long periods of time. Pilms
formed from the blends of this invention may be used in
application where films have been used previously. Thus,
the blends of the recent invention can be used in
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automobile and aviation applications for decorative and
protective purposes, and as high temperature elecﬁrical
insulation for motor slot liners, transformers, dielectric
capacitors, coil and cable wrappings (form wound coil
insulation for motors), and for containers and container
linings. The blends can also be uéed in laminated
structures where films or solutions of the blend are
applied to various heat-resistant or other type of
materials such as asbestos, mica, glass fiber and the like,
the sheets superimposed one upon the .other, and thereafter
subjecting the sheets to elevated temperatures and
pressures to effect flow and cure of the resionous binder
to yield cohesive laminated structures. Films made from
the subject polyetherimide-polysulfone blends can also
serve in printed circuit applications.

Alternatively, solutions of the blends herein
described can be coated on electrical conductors such as
copper, aluminum, etc. and thereafter the coated conductor
can be heated at elevated tempratures to remove the solvent

“and provide a continuous resinous composition thereon. If

desired, an additional overcoat may be applied to such
insulated conductors including the use of polymeric

'Vcbatings such as polyamides, polyesters, silicones,

polyvinylformal resins, epoxy resins, polyimides,
polytetrafluorocethylene, etc. The use of the blends of the
present invention as overcoats on other types of insulation
is not precluded. )

Other applications which are contemplated for these
blends include their use as binders for asbestos fibers,
carbon fibers, and other fibrous materials in making brake
linings. 1In addition, molding compositions and molded
articles may be formed from the polymeric blends of the
invention preferably by incorporating such fillers as .
asbestos, glass fibers, talc, quartz, powder, finely
divided carbon, silica and the like into the blends prior

to molding. Shaped articles may be formed under heat, or
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under heat and pressure, in accordance with practices
well-known in the art.

The following examples illustrate specific
polyetherimide—polyéulfona blends in accordance with the
present invention. It should be understood that the
examples are given for the purpose of illustration and do
not limit the invention. 1In the examples, all parts and
percentages are by weight unless otherwise specified.

EXAMPLE 1

Cast and compressed films of several polyetherimide-
pelysulfone blends according to the invention were pre-
pared and examined for compatability. _

The polyetherimide of the blend was prepared from

" the reaction product of essentially equimolar amounts

of 2,2 -big[4-(3,4-dicarboxyphenoxy) phenyl] propane
dianhydride and m-phenylene diamine and had the struc-
tural formula:

| ‘@ @ @_.

: - e

The polysulfones used in preparing the blends were (a)
a polyethersulfone (hereinafter PES) of the structural
formula:
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10
and (b) a polysulfone (hereinafter PS) sold commercially by ‘
Union Carbide Corporation having the structural formula:
15

O =<0-<0-{ <0
- \ | .
Hy 6
Blends of the polyetherimide and the polysulfones
20 were assessed for compatibility by (a) combining solu-
tions of each polymer to detect cloudiness which can be A
indicative of incompatibility, (b) compression molding i
a dried coprecipitated polymer mixture so as to deter-
mine homogeneity in the pressed sample, (c) solution !
25 casting a polymer mixture onto a plate and drying to
produce a film so as to determine homogeneity, and (4)
subjecting the blend to differential scanning calorimetry
{DSC).
Specifically, solutions of each polymer of the
30 blend were prepared by dissolving about 10% by weight of
the polymer in 90% by weight of dimethyl formamide (DMF)
or chloroform (CHClj). The solutions were then com-
bined and any cloudiness noted. The contained polymer
blend was then precipitated by the addition of methanol
35 or by spreading the polymers in DMF on glass plates and
then drying in an oven at about 100°C to allow the sol-
vent to evaporate at a controlled rate. The precipi-
tated polymer blend in the form of a film was then
dried overnight under vacuum. The dried blend was
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compression molded between aluminum plates for about one
minute at about 5000 psig and at about 275°-300°C.

The above procedure was utilized to prepare blends
containing either about 50% or about 25% polyetherimide
with each of the above mentioned-polysulfones. A tabu-
lation of the assessments of the blends is set forth in
Table I.
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Table T
Polysulfone type PES PES , PS PS
% polyetherimide 50 25 50 - 25
Solvent for blending DMF DMF CHC1 CHCI
3 3
Appearance of:
Pressed film Almost clear Clear Hazy Slightly hazy
Solution—-cast f£ilm Almost clear
Cambined solutions Hazy Hazy Almost clear Clear
DSC Measurements:
(low) , :
o] 23 -—a 184 ‘ 181
(low) b
pie] 227 218 212 208

(a) Only one transition was detected.

(b) This transition was weak and was not clearly distinguished
until the third and fourth heating cycle.
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From the above results, it can be noted that the
clarity of the blends, particularly the blend containing
PS, is better when there is a predominance of one compo-
nent. Purther, the 50:50 blend containing PES is consider-
ably clearer than the 50:50 blend containing PS which seems
to indicate that the smaller aliphatic content of PES may
contribute greater compatibility with the polyetherimide
in the blend.

EXAMPLE II

A polyetherimide-polysulfone blend according to the
invention was prepared, the blend molded into test speci-
mens and the specimens tested for various physical proper-
ties.

The polyetherimide for the blend was prepared from
the reaction product of essentially equimolar amounts
of 2,2-bié{4—(3,4-dicarboxyphenoxy) phenyl] propane
dianhydride and m-phenylene diamine produced at ele-
vated temperature of about 250° to about 300°C. and
under nitrogen atmosphere. The polymer was extruded
at about 300°C. to form a strand and then mechanically
chopped into pellets. A specimen molded from the pel-
lets was tested for various properties and the results
are set out at the top of Table II.

About 99 parts of the above polyetherimide were
mixed with about one part of a polysulfone sold com-
mercially under the trade name UDEL P1700 by Union
Carbide Corporation. This polysulfone by itself had
the physical properties as set forth at the bottom
of ‘Table IX. The blend of the two polymers were
then extruded in a 28 mm Werner & Pfleiderer extruder
having a temperature profile varying from about 610
to 650°F and a die temperature of about 610°F. The
resulting extrudate was comminuted into pellets and
the pellets injection molded into test specimens in
a Newbury molding machine at a temperature of about
610°F. The impact strength of these specimens was
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measured according to the unnotched and notched Izod test,
and the results are set forth in Table II. The heat dis-
tortion temperature, flexural properties, tensile proper-
ties and Gardner impact strength were also measured and are
given in Table II. _

The above procedure in forming a polyetherimide-
polysulfone blend of the invention was then repeated to
produce test specimens of a series of blends containing
varying amounts of polyetherimide relative to the amount
of the poiysulfone. The only exceptions to the procedure
being that the blend containing about 50% polyetherimide
was extruded with an extruder temperature profile of about
590° to 625°F. and with a die temperature of about 590°F.,
the blend containing 30% polyetherimide was extruded with
an extruder temperature profile of about 610° to 640°F. and
with a die temperature of 630°'F., and the blend containing
10% polyetherimide was extruded with an extruder tempera-
ture profile of about 610° to 630°F. and a die temperature
of about 620°F. The results of the unnotched and notched
Izod impact test, as well as the heat distortion tempera-
ture, flexural and tensile properties and Gardner impact
strength for these blends are also detailed in Table II.
The blends were transparent at low concentrations of poly-
sulfone, e.g., about 10% or less, were translucent at high
concentations of polysulfone, e.g., about 90% or more, and
were opaque at concentrations in between about 10 and 90%
polysulfone.




—
——

— 0091117 _

- hw -
*aAE] ITTSUL] I wnm\ﬂﬁ B JO uoTsuUalxa 830q hﬂ
Y3abuay obneb aar3oezze ayy buyprarp Aq paujeaqo ‘€
dn3 gz9*0 pue anberd ‘ut 5zT'g ‘g
A8q *UT GZT'0 °Y
~ uaxoaq jouy
.8.: 00Z b0o° T 11 89°T vs° 1 €0y 0zZe< 09T aN 11 ]
v8°0 621 S0°T A LT 861 98°¢ 0ze< S9T an L°0 0T
S6°0 0z1 1T ZT G0°2 68°T oLy 0Z€e< S91 N 0°1 0€
86°0 SL 0Z°1 €1 284 68°T 19y 0ze< 991 8N 8°0 0s
65°0 ror 89°0 148 60°¢ 9L 1 vE"Y 90€ LAY aN 6°0 oL
oLt oL 0s° T ST €2°2 e8°1 A (174 6LT »8N L0 06
-—— - — —_ — — —_— Ly e €' 6°0 S6
— —_ — — _— — e S¥ — ' 6°0 66
ST 9¢ ¥s° T 8T 15°¢ 0t1°2 z0°§ STt 98T §°9Z Tt 00T
n_ﬁ&v (¥)  (povxrsd)  (8)  (jotixysd) (y01XT8d) (c0Tx78d)  (8qi-uf)  (15d ¥5Z 3 J,) PYSIomN [paUoIcU  SpTUTASUSATad
€ PEusms utens g Sninpay z3oudur @anjeaadumy, (UT/qr-33) LY
dantred PRIX euniTny @ ssaaas Ter3TuI A3Upley  UOF3a038TQ RSy Joeduy pozy
s9Taadoad aTTsuayL sa13aadoay Teanxard

II aTqey




10

15

20

25

30

&

0091117

As is evident from the above experimental results,
blends of the polyetherimide and the polysulfone ﬁave an
improved impact strength over the polyetherimide component
alone as evidenced by the unnotched Izod and Gardner impact
values, particularly when the blend contains over 50%
polysulfone, while exhibiting good tensile, flexural and
heat distortion properties.

More specifically, the blends exhibited an unnotched
Izod impact strength which improves dramaticaily with in-
creasing concentration of polysulfone as evidenced By the
test specimens containing in excess of 10% polysulfone
being deformed, rather than broken, by impact of the hammer
in the Izod test. Similarly, the.Gardner impact strength
of the blends was in excess of 320 in-lbs when the concen-
tration of polysulfone was about 50% or greater. In
addition, the notched Izod values for the blends, within
experimental error, do not vary appreciably within the
range of concentrations tested. The heat distortion tem-
perature data of the blends, when plotted, increases on a
smooth nonlinear curve with increasing polyetherimide con-
centration as do the tensile, yield and failure strengths.

Example III

A polyetherimide-polyphenyl sulfone blend accordiné
to the invention was prepared, the blend molded into test
specimens and the test specimens tested for various physi-
cal properties.

About 99 parts of a polyetherimide made in accordance
with the procedure of Example II and having the physical
properties set forth in Table III were mixed with about one
part of a polyphenylsulfone sold commercially under the
trade name Radel R-5000 by Union Carbide Corporation. Tﬁis
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polyphenylsulfone by itself had the physical properties set
forth at the bottom of Table III. The mixture of the two
polymer was then extruded in a Werner & Pfleiderer extruder
having a temperature profile varying from about 600 to
650°F and a die temperature of about 630°F. The resulting
extrudate was comminuted into pellets and the pellets in-
jection molded at about 650°F. to 675°F. into test speci-
mens. Impact strengths of these specimens were measured
accdrding to the unnotched and notched Izod test and the
results are set forth in Table ITII. The heat distortion
temperature, glass transition temperature, flexural prop-
erties, and tensile properties of the test specimens of
the blend were also measured and are given in Table III.

The above procedure in forming a polyetherimide-
polyphenylsulfone blend according the invention was then
repeated to produce test specimens of a series of blends
containing varying amounts of poiyetherimide relative to
the amount of polyphenylsulfone. The results of the un-
notched and notched Izod impact test, as well as the heat
distortion temperature glass transition temperature flex-
ural properties, and tensile properties for tesﬁ specimens
of the blends are also detailed in Table IIX.
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As is apparent from the above test results, the blends
of the invention have improved tensile and flexural prop-
erties over that of -the polyphenylsulfone component alone
and have improved unnotched Izod impact values over that
of the polyetherimide component alone. 1In addition, blends
of the polYetherimide and this polysulfone appear to be
completely compatible over the entire blending composition
range as evidenced by a single glass transition temperature
for each blend and by the blends being transparent.

More specifically, the notched Izod values for the
blends remain fairly constant from 99% to 30% polyetheri-
mide and‘'below the 30% level, the notched Izod increases
rather sharply and approaches the'value for the polyphenyl-
sultoné alone. In contrast, the unnotched Izod value in-
creases from the 99% polyetherimide blend to a maxlmum
extrapolated value of about 70 ft-1b/in for the blend
containing about 25% polyetherimide.

The tensile yield elongation is in the range of about
16 to 18% regardless of the blend ratio while the tensile
strength at yield increases linearly from pure polysulfone
to a 90% polyetherimide blend. The failure strength in-
creases from the 90% polysulfone blend to the pure poly-
etherimide. Due to some small specks contained in the
blends, the failure elongation is less than normally ex-
pected as the specimens break dhring the neckdown period
due to the presence of the specks. As to the flexural
properties, both the initial modulus and ultimate strength
exhibit straight line relationships when plotted versus the
composition for the blend.
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Example IV

A polyetherimide-polyethersulfone blend according to
the invention was prepared, the blend molded into test
specimens and the specimens tested for various physical
properties. .

About. 90 parts of the above polyetherimide made in
accordance with the procedure. of Example II and having the

physiéal properties set forth in Table IV-were mixed with

10 parts of a polyethersulfone sold commercially under the

trade name VICTREX 200P by Imperial Chemical Industries,
Ltd. This polyethersulfone by itself has the physical
properties set forth at the bottom of Table IV. The mix-
ture of the two polymers was then extruded in a 28 mm
Werner & Pfleiderer extruder having a temperature profile
varying from about 610° to 650°F. and a die temperature of
about 610°F. The resulting extrudate was comminuted into
pellets and the pellets injection molded at about 650°F.
into test specimens. Impact strengths of these specimens
was measured according to the standard unnotched and
notched Izod test and the results are set forth in Table

- IV. The heat distortion temperature, Gardner impact

strength, flexural properites and tensile properties of
the blend were also measured and are given in Table 1IV.
The above procedure in forming a polyetherimide-
polyethersulfone blend according to the invention was ‘then
repeated to produce test specimens of a series of blends
containing varying amounts of polyetherimide relative to
the amount of polyethersulfone. The test specimens of
the blend containing about 70% polyetherimide were pro—'
duced under the same conditions as above while the test
specimens of the blends containing about 50, 30 and 10%
polyetherimide were extruded at about 640° to 670°F with a
die temperature of about 675°F and molded at about 600°F.
The results of the unnotched and notched Izod impact test,
as well as the heat distortion temperature, Gardmer impact
strength, flexural properties, and tensile properites for

test specimens of the blends are also detalled in Table 1V,

0091117
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All of the blends produced were transparent with the excep- .
tion of the blends containing 30 and 50% polyetherimide
which were translucent.

As is apparent from the above test results, the poly-
etherimide and the polyethersulfone components are gener-—
ally compatible and produce blends of satisfactory physical
characteristics over the entire blending composition range.
More specifically, the notched Izod impact strength for the
blends is at a maximum at a 50:50 blend ratio while the un-
notched Izod samples exhibit no breaks below a 70% pbly-
etherimide concentration. The polyetherimide polyether-
sulfone blends have slightly lower tensile strengths and
flexural modulus as compared with the polyetherimide com-
ponent alone. The.Gardner impact strength of the blends
is directly proportional to polyethersulfone concentration
with a Gardner impact strength in excess of 320 in-1lb being
attained with a blend containing about 90% polyether-
sulfone. The tensile strengths exhibit a small but steady
decrease in both the yield and failure values as the poly-
ethersulfone concentration of the blend increases. The
failure elongation for the blends has a maximum value at

50:50 concentration ratio and the initial flexural modulus

decreases with increasing polyethersulfone content in the
blend while the strength at 5% strain remains fairly con-
stant regardless of the proportion of the blend compo-
nents. .

Substitution of other polyetherimides and/or other
polysulfones for the polyetherimides and/or polysulfones
blends of the above examples results in the formulation
of polyetherimide-polysulfone polymer blends having simi-
lar characteristics such as improved impact strengths as
compared with the polyetherimide component alone and such,

.blends are considered within the scope of the present

invention.
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While the present.invention'has been described with
reference to particular embodiments thereof, it will be un-
derstood that numerous modifications may be made by those
skilled in the art without actually departing from the
spirit and scope of the invention as defined in the
appended claims.
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WE CLAIM

1. A composition comprising a blend of (a) a
polysulfone and (b) a polyetherimide.

2. A composition in accordance with claim 1 wherein
the polysulfone is of the formula:'

tA-502-A-B}p

where A and B are aryl nucleus; or B is either a single
bond or -502~; and b is a positive integer in excess of
5. ' ,

3. A composition in accordance with claim 2 wherein A
and B are selected from:

zg@f '(xé),,; ;%», 00y N

O O~

where Ry is a C3-Cy2 alkylene; Cp-Cyz~

alkylidene; Cg-Cqyz-cycloalkylene;

Cg-Cqypcycloalkylidene; Cy-Cizaralkylene;
Cy-Ciz-aralkylidene; or a Cg-Cjz-arylene-bis-

alkylidene radical, one of the groupings -O-, -S-, -SO-, or
~-C0- or

X . CH(3_n)Xn
N
—te C e or —C —~
X CH(3-n)xn ]
L. P 1]

where p is 0 or an integer from 1 to 4, X is halogen, m
is a positive integer from 1 to 6 and n is an integer from
1l to 3 or B is a single bond or -SO0p-.

| 4, A composition in accordance with claim 3 wherein

the polysulfone has the structural formula
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vwhere Ry is Cy-Cg alkylene.
10 5. A composition in accordance with claim 4 wherein
Ry is dimethyl methylene.
6. A composition in ad¢cordance with claim 3 wherein
the polysulfone has the structural formula:

15
{—(: :)-—501-—<: :}-—O%
b
20 .
7. A.composition in accordance with claim 3 wherien
the polysulfone has the structural formula:
30
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8. A composition in accordance with claims 1,2,3,4,
5,6 or 7 wherein the polyetherimide has the formula;

] 2
75\ 77N
— N T—-o——z—o—'r\ /N—R--
\c/ c
il I
O o
L Ja

where a represents a whole number in

o

—0

—0--T< is selected from:

QO

R!' being hydrogen,

lowexr alkyl or lower alkoxy,

excess of 1, the group

!

R

—0

2 is a

member selected from the class consisting of (1)

N
2
&

8
and (2) divalént organic radicals of

)z——<i::j>-
&r

the general formula:
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where Y is a member selected from the class consisting of
divalent radicals of the formulas,

O

—CyHay— , —C—, =5—, =0~ and — 5~
" .

where q is 0 or 1, y is a whole number from 1 to 5, and R
is a divalent organic radical selected from the class con-
sisting of (1) aromatic hydrocarbon radicals having from
6;20 carbon atoms and halogenated derivatives thereof, (2)
alkylene radicals and cycloalkylene radicals having from
2020 carbon atoms, C(-g) alkylene terminated poly-
diorganosiloxane, and (3) divalent radicals included by

the formula

where Q is a member selected from the class bonsisting of

o o
[1]

_o—,—-c-,—f—- ,—S — a,,,/'-cx,/zx_
| u

where x is a whole number from 1 to 5 inclusive.

_ 9. A composition in accordance with claim 8 wherein
the polyetherimide is of the formula;

O
" g
I’C N
N O—z~—0 N—R
N c”
C
] I .
o a.

Q
and the divalent bands of

the -0-2-0- radic3al are in the

3,3'; 3,4'; 4,3' or the 4,4' position.
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10. A composition in accordance with claim 9 wherein

-~

cH,
C | D |
C :
l
CH,

and R is selected from;

O OO OO

11

. A composition in accordance with claim 10 wherein

the polyetherimide is of the formula:

O
C

12,

| It
10000
Ly 5 @’"
_ -

A composition in accordance with claim 1 wherein

the polysulfone has the structural formula:

<t
00 14O

|

.C”S A.
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